Synopsis
With an aim to elucidate the significance of Human Placental Lactogen (HPL) during gestation, I assayed the HPL and HCG concentration in the chorionic tissue and the blood. The results as follows: 1) There was a definite correlation between the HPL concentration in the maternal serum at term and the weight of the neonates, which might lead to an idea that HPL took part in the growth of fetuses as a metabolic hormone during pregnancy.
2) It was suggested by short term incubation and the cell culture experiment that HPL concentration in the molar tissue was almost the same as or slightly higher than that of the normal chorionic villi, while the serum HPL concentration of molar patient was significantly lower than that of normal pregnant woman. 3) A simultaneous determination of HPL and HCG in serum of trophoblastic disease showed that the HPL/HCG ratio could be useful for differential diagnosis of trophoblastic disease. Ito & Higashi (1961) suggested an existence of lactogenic substance in the placenta. Josimovich & MacLaren (1962) found a protein with the lactogenic action in the maternal serum at term, placental blood and placental tissue, and called it HPL. It has been known that HPL has an immunologically partial identity with the Human Growth Hormone (HGH). Midgley & Pierce (1962) showed that HCG was secreted from syncytiotrophoblast. Sciarra et al.(1963) and Currie et al.(1966) proved that HPL was localized in the same syncytiotrophoblast using the immunofluorescent antibody method. It has been known that this hormone has probably the sommatotropic and metabolic actions, that is, a combinational action of Prolactin and HGH.
However, the role of HPL in gestation has still largely unknown. In this study, I assayed the HPL concentration in the tissue extract and serum using the HAIR and RIA. Further, a simultaneous assay of HCG and HPL of the serum was performed. It was discussed whether or not it could be useful for differential diagnosis of trophoblastic disease.
Materials and Methods
The fresh chorionic villi or placental tissue and chorionic villi of hydatidiform mole were used as the material for bioassay on Prolactin, homogenization and incubation experiment for HPL. That is, they were obtained aseptically on artificial abortion or on D. & C. of hydatidiform mole or immediately after delivery and put to experiment as soon as possible.
As for the samples for measuring blood hormone, fasting blood was drawn at 9.00a.m. from a total of 97 cases in various stage of normal pregnancy, while the blood was drawn from 20 cases of hydatidiform mole, 3 cases of destructive mole and 3 cases of chorionepithelioma for a total of 26 cases of 
B) Homogenization
For comparative purposes with the incubation medium, 1g of the above-mentioned tissues was weighed accurately, and homogenized with 5 ml of Krebs-Ringer phosphate buffer. It was centrifuged at 3,000rpm for 5min; and, the supernatant thus obtained was made a sample.
C) Monolayer cell culture
The chorionic tissue collected aseptically was preserved in the Hanks-solution and washed three times with a trypsin solution, to which was added a 0.25% trypsin and the chorionic villi was cut to pieces 1-2mm.
The peices were shaken in a 0.25% trypsin solution for 2minutes, and the supernatant thus obtained was centrifuged at 1,000rpm for 7min, and then it The standard was prepared in each experiment and the sample was made dunlicate.
(3) Determination of HCG It was determined by HAIR because of its being present at high concentration. The UCG Titration Set of Denber Chemical Corp.(being sold by Kyorin Yakuhin K. K. in Japan) was used.
Before starting the assay, an operation using acetone was performed for the purpose of extracting HCG in the blood; centrifugation was repeated till the supernatant becomes totally clear, and then this supernatant was made a sample. The lower limit of sensitivity of this method was almost 1 Iu/ml. 4) HPL content in the molar tissue When the HPL concentration in the incubation medium was determined by the same method, it tended to be high in the 3rd month of pregnancy of hydatidiform mole as compared with that in the 3rd month of normal pregnancy as shown in Figure 3 . However, no difference was observed between the two in the 4th month of pregnancy.
5) HPL concentration in the monolayer cell culture medium The monolayer cell culture was performed on each case of the molar chorionic villi and normal pregnancy collected at the artificial abortion in the 3rd month of pregnancy, and the concentration of HPL released in the medium was measured by RIA, the results of which were shown in Figure 4 .
In the normal chorionic villi, the concentration increased daily; however, in the case of molar chorionic villi, a considerable HPL production was observed in 2weeks, but thereafter the HPL production decreased gradually and it was hardly noted on the 27th day onward after starting of the culture.
6) Relation between the HPL concentration in maternal serum at term before the onset of the labor on the one hand and the weight of baby and the weight of placenta at birth on the other The HPL concentration in the maternal serum at term of pregnancy and the weight of neonates at birth showed a significant correlation, albeit with a low correlation coefficient r=0.56 (P<0.05) (Fig.  5 ).
On the other hand, a look at the correlation between the HPL concentration and the weight of the placenta at birth showed that no correlation was observed with the correlation coefficient of r=0.03 (Fig. 6 ).
7) Determination of HPL by RIA A micro-determination of the HPL concentration was made by the RIA system. A typical standard curve as shown in Figure 7 was obtained. 10ng/ml to 100ng/ml was used as the limit of determination following fundamental experiment of sensitivity, precision, accuracy and specificity.
8) Comparison of HAIR and RIA
A simultaneous determination by the RIA and HAIR was made on the serum in 18 identical cases, and comparison was made of them.
As a result, a high correlation was observed between the two, with the correlation coefficient expressed in r=0.86 and the regression line in Y=1.22 x+1.49 (Fig. 8) . No correlation is obserbed.
9) Serum HPL concentration in normal pregnancy and in trophoblastic disease The HPL level in the serum was determined by RIA on 97cases of normal pregnancy.
HPL was observed in the blood from the 7th week of pregnancy; thereafter, it rose sharply and reached a plateau with ca. 9.5ng/ml in the 9th month of pregnancy (Fig. 9) .
Further, the HPL concentration was measured in a total of 26 cases of trophoblastic disease (hydatidiform mole 20 cases, destructive hydatidiform mole 3 cases and chorionepithelioma 3 cases).
The results being as shown in Figure 9 , HPL was detected in many cases even in trophoblastic disease. However, even in that case, the highest value stood at 180ng/ml, and it could not be detected in some cases.
As regards the postoperative isolated preparation, a histrogical examination was made on it to confirm its diagnosis. 10) Serum HCG concentration in normal pregnancy and trophoblastic disease Serum HCG was assayed on the serum of 97 cases of normal pregnancy and that of Fig. 7 . A typical standerd curve of 125I HPL for RIA. The limit of sensitivity is 10ng/ml to 100 ng/m/.
26 cases of trophoblastic disease mentioned above.
The results being as shown in Figure 9 , the HCG concentration in normal pregnancy showed a peak, reaching ca. 150IU/ml in the 3rd month of pregnancy; thereafter, it fell off gradually and maintained a mainly same concentration.
The HCG concentration in the serum of molar patients was higher than that of the normal pregnanty in many instances; however, some showed a level as high or slightly lower than that of the normal.
The HCG concentration was observed in sera from destructive mole and chorionepithelioma; however, any conclusion as to HCG concentration could not be drawn because of paucity of samples.
11) HPL/HCG ratio in serum from normal pregnancy and trophoblastic disease
The blood HPL/HCG ratio in each case was calculated on the serum of normal pregnancy 97 cases and trophoblastic disease 26 of which determination was made above. Good correlation is seen between this ratio and gestational months. Low values are showed in trophoblastic disease.
As shown in Figure 10 , the HPL/HCG ratio in normal pregnancy increased with the advance of pregnant months and showed a close correlation (r=0.83, P<0.01).
In trophoblastic disease, meanwhile, the ratio was obviously lower than the normal with the advance of gestational months.
12) Time for clearance of HPL (half life) from the blood
The blood was collected at time intervals, namely before delivery of a fetus or hydatidiform mole and at 10min, 30min, 60min and 24hr after delivery.
The blood HPL decreased rapidly both in the serum of normal pregnancy and of hydatidiform mole.
As for the physiological half life, it was calculated according to the method of Gitlin et at.(1960) . That is, As a result, the half-life was calculated as 17min 21 sec in a normal pregnancy and 7min 91 seconds and 9 min 23 sec respectively in 2 cases of hydatidiform mole (Fig. 11) .
Discussion
(1) The role of HPL in pregnancy It has been known that the placenta seems to possess a hormone-producing activity independent of the pituitary. It is clear that pituitary hormones are essential for ovulation and implantation and placental hormones are also necessary for the maintenance of gestation. Since the finding of a prolactin like placental hormone, studies on it have made a rapid progress. It has also been known that this hormone is very akin to the growth hormone (HGH) in the aminoacid structure and molecular weight. And its structural formula seems to be decided shortly (Li./1971/) .
With the great advances in the extracting and refining processes of this protein, research into more basic aspects of biological role of HPL is begining to reveal and many reports on it have been published. Firstly, as the sommatotropic action, mention can be made of the positive tibia test in hypophysectomized animals (Josimovich & MacLaren 1962; Kaplan & Grumbach 1964) and an increase in the uptake of 35S in the costal cartilage of rats (Kaplan & Grumbach 1964; Franchimont 1965); further, Friesen et al.(1965) and Florini et al.(1966) administering HPL to the hypophysectomized animals said that an increase in the body weight paralleled to the doses was observed; while, Josimovich & Mintz (1968) reported that the uptake of 14C-glycine in the muscle increased in the hypophysectomized animals in vivo, but such a phenomenon was not observed in vitro.
In any case, the HGH-like action itself seems to be considerably weak.
Secondly, it may also be true that HPL has a lactogenic or mammotropic action. Many investigators observed that placenta had the positive pigeon crop sac test (Ito & Higashi 1961; Josimovich & MacLaren 1962 ).
It was also tested by author, and I assumed that placental extract had surely biological activity smilar to prolactin (Fig. 1) .
But this biological activity was not paralleled to its immunological activity. These findings have led to an idea that HPL was different from prolactin in biological activity.
It is also known that there is the potent luteotropic effects of HPL demonstrated by maintenance of decidual reaction in mice (Josimovich et al. 1963 ).
However, whether or not these findings are independent of HPL or depend on its concert action with other hormones, biological role of HPL still underfined.
Then, attention is drawn to the metabolic action of HPL.
As to this point, mention is made in reports of the FFA-mobilizing action (Riggi et al. 1966) , the anti-insulin action and the insulinsecretion-increasing action (Samaan et al. 1966; Grumbach et al. 1968 ), a slight P, K, Na-accumulating action and Ca excreting action (Samman et al. 1966) , and, Mochizuki et al.(1971) administering HPL to pregnant rats observed a significant increase in the body weight.
Whereas Spellacy (1966) denied the correlation between the weight of a fetus and the maternal blood HPL level at term, Saxena et al.(1968) showed the correlation between the two.
In the author's experiment, a significant correlation was observed between the two, low as it was, and therefore, HPL seems to activate directly the metabolism of the pregnant woman and thereby many affect indirectly in the growth of the fetus.
That is, as stated by Grumbach (1971) , the existence of HPL at high concentration in the maternal serum would mean that HPL has an action to lower the utilization of glucose by mobilizing fats of the mother body and to supply glucose, amino acids and minerals to the fetus by accumulating Na and K.
As reported by Spellacy et al.(1966) and Sciarra et al ((968) , there was observed no correlation between the HPL level and the weight of the placenta (Fig. 6) .
This might show a possibility that the HPLproducing cells will not exist uniformly over the chorionic villi, as compared with a report rendered by Saxena et al.(1968) , namely, the HPL activity was not observed despite the chorionic tissue being observed clearly in the cases of recurrence of trophoblastic disease.
(2) Determination of HPL Since HPL has the prolactin action and the HGH action in combination, I once attempted to determine HPL by the pigeon crop sac assay, but was unable to overcome the low sensitivity of these Bioassays (Fig. 1) .
In this study, the immuno-assay is being employed mainly.
I carried out determination by using RIA and HAIR.
As regards HAIR which has been established as a clinical examination method by Wide et al.(1962) on HCG, I carried out the HPL coating to sheep's RBC using BDB about which Odajima (1972) , and Theppisai (1971) This method has such merits which the RBC was stable, the end point was clear, reactive time was short and chemical lingage was strong compared to tannic acid coupling technique.
As for RIA, various methods for separating the Bound (B) from the Free (F) have been devised since this system was published by Glick (1963) and Greenwood et al.(1963) .
In separating the B from the F, I employed the double antibody method which is considered to have higher accuracy; however, as a routine method for determination, it still leaves something to be desired, when account is taken of the incubation time, presence of a none specific inhibitor, high cost and inconvenience in use.
Then, comparison was made between RIA and HAIR in same samples, a highly significant correlation of r =0.86 (P<0.01) was observed between the two (Fig. 8) . Theppisai et al.(1971) ; Mochizuki (1972) et al. also made a comparative study of RIA and immuno-assay and observed a high correlation between the two; however, it seems to be reasonable to use RIA and HAIR each in its proper way according to the objects of determination.
(3) HPL concentration in the maternal serum and chorionic tissue Reports on the HPL production in the chorionic tissue are still little as compared with those on HCG.
Using the immuno-fluorescent antibody method, Sciarra et al.(1963) and Saxena (1968) et al. proved that HPL was present in syncytiotrophoblast of the chorionic villi; further, Josimovich & Astwood (1964) showed that HPL was extracted from the placenta but could not be detected from the fetus or pregnant putuitary. So it is recognized widely that HPL is secreted and released from the placenta.
As to the level of HPL in the maternal serum during pregnancy, Beck et al.(1965) and Spellacy et al.(1966) Grumbach et al. 1968 ). According to the fact that HPL is synthesised by the chorionic villi, the finding would be probable.
However, there is hardly any report on the way HPL is produced in the tissue of hydatidiform mole; only Josimovich & Astwood (1965) reported that the HPL activity in 1 case of the molar tissue was about 3 times as high as that of the normal, and this is the only report available.
As such, I examined the HPL concentration in the molar tissue on 10 cases of the 2nd-4th month of pregnancy using the incubation system as with the normal chorionic villi (Fig. 3) .
As a result, it was surmised that there might be considerable HPL production in the molar tissue.
It is difficult to provide an accurate answer to the result; however, the mechanism of production and release of HPL in the molar tissue seems to be somewhat different from that of the normal chorionic villi.
A fundamental study on this point including HCG seems necessary.
Further, I effected the monolayer cell culture, though only on two cases, namely the normal chorionic villi in the 2nd month and that of hydatidiform mole in the 3rd month to find that an almost constant HPL production from the chorionic cells of hydatidiform mole seems to be the same as that of the normal first, but ceases to be seen after full 3 weeks. Such findings suggest that there is some difference on mechanism between the two (Fig. 4). (4) On diagnosis of trophoblastic disease by HPL/HCG ratio in the blood
The principle of early diagnosis and treatment remains the same even in the case of trophoblastic disease and there is no doubt that the differential diagnosis of mole in utero is important.
The urine HCG has been mainly used as an index up to date; however, as shown in Figure   9 , it is risky to use HCG alone in diagnosis.
In other words, the early diagnosis of it becomes difficult, if the HCG level is within the normal range.
According to Saxena (1968) who reported that the HPL was observed in the serum of molar patients, the HPL level in the serum of patients with hydatidiform mole was lower than that in the early stage of normal pregnancy; and a dissociation phenomenon with HCG was seen.
Results as shown in Figures 9 were obtained by the measurement of HCG and HPL levels in identical serum of normal pregnancy 97 cases and patients with trophoblastic disease 26 cases; further, when the HPL/HCG ratio was calculated on these cases, this ratio rose with the gestational months in normal pregnancy, but it fell off clearly in trophoblastic disease; therefore, it is considered that the HPL/HCG ratio can serve as a useful index in the diagnosis of trophoblastic disease, normal pregnancy after hydatidiform mole and repeated hydatidiform mole. Goldstein et al.(1971) reported that in the serum of trophoblastic disease of which degree of malignancy is considered to be advanced histologically, the HPL activity fell off in proportion to the degree of malignancy.
That is, they said that the HPL could indicate the degree on malignancy in trophoblastic disease.
In the results of the anthor, however, there were some cases where HPL was negative even in the serum of patients with hydatidiform mole, and a follow-up of about 1 year showed that these cases did not become aggravated. In this aspect, much remaines to be clarified in the future.
The question arises regarding the fact that the possibility of the HPL/HCG ratio showing low values in the early stage of pregnancy, early abortion or intra-uterine fetal death cannot be ruled out.
As regards this question, ultrasonography, determination of a-fetoprotein (Sato & Takeuchi, 1973 ) and so forth seem necessary.
The half time of HPL is said to be 20min or 30min (Kaplan et al. 1965; Beck & Daughaday 1967) .
According to the results of the author, when the HPL level after normal delivery was followed up, detection of it became impossible 60min later, and its physiological half time was 17min. and 21 sec (Fig. 11) .
That of molar patients was shorter, standing at 7min 91 sec and 9min 23 sec respectively on 2 cases, which is about one half of the normal; this is probably because there is some difference on HPL between the normal case and hydatidiform mole.
In any case, this rapid turnover rate is considered to be useful as a sensitive indicator of the endocrine function of the placenta.
However, whether or not it can be used as a means of assessing prognostic value of hydatidiform mole remaines still obscure.
